Summary During the period [1977][1978][1979][1980][1981][1982][1983], clinical trials of five multidrug regi mens were conducted among 215 patients with previously untreated multi bacillary leprosy at the Institut Marchoux, Bamako, Mali, and the Central Leprosy Teaching and Research Institute, Chingleput, South India. The trials were designed primarily to permit measurement of the proportions of persisting Mycobacterium /eprae in the patients' skin lesions. In addition, the combination of the large number of patients studied, the large volume of carefully standardized data, and the employment of multi drug regimens provided a unique opportunity to measure the clinical response of patients to treatment by these regimens.
Introduction
During the period between August 1977 and the end of 1983, 215 patients with previously untreated multi bacillary leprosy-99 at the Institut Marchoux, Bamako, Mali, and 116 at the Central Leprosy Teaching and Research Institute, Chingleput, South India-were recruited into clinical trials of treatment by one of five regimens* . Treatment was continued for 2 years, in the course of which the patients were closely observed, and the results of numerous examinations recorded. The primary objective of the trials was the detection of persisting My cobacterium leprae in the skin lesions of patients treated by different drug regimens. For this purpose, lesions were subjected to biopsy at intervals after the start of treatment, and M. leprae were recovered from the biopsy specimens and inoculated into the fo otpads of thymectomized irradiated (TR) mice. In addition, the combination of the large number of patients studied, the large volume of carefully standardized data, and the employment of regimens of multi drug treatment (MDT) have provided a unique opportunity to measure the clinical response of patients to MDT.
Materials and methods
The patients recruited into the trials and many of the methods employed have already been described.
I -8 In brief, patients with previously untreated multibacillary leprosy were assigned by random allocation to a treatment regimen. Before treatment was begun, the patients were carefully examined. Skin lesions were biopsied, and specimens were submitted for inoculation of mice, histopathological exarnination 9 and measure ment of the logarithmic biopsy index (LIB) IO ; smears for measurement of the bac teriological index (BI) ll were made fr om both ear lobules and four other standard sites; a nose-blow was obtained; and specimens of urine, faeces and blood were obtained for a variety of laboratory studies. At intervals of 3, 12 and 24 months after initiation of treatment by one of the trial regimens, skin-biopsy specimens were obtained and portions were air-shipped fresh on wet ice to the National Institute of Medical Research (NIMR), London. There, the largest possible number of M. leprae, but no more than 10 5 , were inoculated into each hind fo otpad of TR mice, usually 8 mice per specimen. About one year after inoculation, long enough for a single viable organism to have multiplied to a readily countable number, M. leprae were harvested from the hind fo otpads of all surviving mice and counted. Persisters-drug-susceptible M. leprae that survived antimicrobial treatment l2 -were said to have been detected: if organisms had multiplied to at least 10 6 in at least one fo otpad; or, in the event that the inoculum included fe wer than 10 5 organisms, if multiplication had occurred to a number at least lO-fold the number inoculated, and to at least 10 5 in at least one fo otpad; or if M. leprae multiplied in * Patients were allocated among six treatment-groups, three in each centre; however, one of the five regimens (regimen C) was employed in both centres. The regimens were in Bamako:
A 2 : rifampicin, prothionamide and dapsone, each in a daily dose of 600, 500, and 100 mg, respectively, for 2 years;
Cs: rifampicin, in a single initial dose of l500 mg, and dapsone, 100 mg daily for 2 years; E 2 : rifampicin, 900 mg once weekly, and prothionamide, 500 mg daily for the first 3 months, together with dapsone, 100 mg daily for 2 years; and in Chingleput:
A,: rifampicin, c1 0fazimine and dapsone, each in a daily dose of 600, 100, and 100 mg, respectively, for two years; C c : as for Bamako; and D,: rifampicin, in a single initial dose of l500 mg, c1ofazimine, in a daily dose of 100 mg for the first 3 months, and dapsone, 100 mg daily for 2 years ' .
passage. Portions of the biopsy specimens were also fixed and shipped to Oxford for histopathological examination and measurement of the LIB.
Every 4 weeks, patients were examined by the clinical investigator, who noted changes of the lesions, and questioned the patients with respect to symptoms suggesting adverse reactions to the drugs employed. In addition, specimens of urine and blood were obtained for laboratory study, and the occurrence of ENL and other leprosy reactions was recorded. In addition, at the first interval after the start of treatment, a nose-blow specimen was obtained.
Twelve weeks after the start of treatment, a formal clinical assessment was carried out, and a skin-lesion was biopsied, to provide specimens for both histopathological examination and inoculation of TR mice. Skin smears were made, and a nose-blow specimen was obtained. Beginning 24 weeks after the start of treatment, and every 24 weeks thereafter, skin smears were made, and specimens of urine and blood were obtained for laboratory study. Finally, after 12 and 24 months of treatment a formal clinical assessment was carried out.
The resulting data have been analysed by means of the 't' -test, and the techniques of X 2 , exact probability, analysis of variance (ANOVA), and analysis of covariance Y
Results
As shown in Table 1 , 215 patients were recruited-99 in Bamako and 116 in Chingleput and allocated in approximately equal numbers to the six regimens studied, with the exception of regimen A 2 ; the allocation of patients to regimen A 2 was stopped after only 12 patients had been assigned, because of a suspicion of hepatotoxicity, discussed below in detail. As shown in Table 1 , 164 patients completed the trials, and an additional 16 patients were treated for at least one year but less than two years. There does not appear to be an association between regimen and failure to complete the trial. The results of the * Those patients who completed the trials are shown as having had four specimens examined for the presence of persisting M. /eprae-a pretreat ment specimen as well as specimens after 3, 12 and 24 months of treatment. In those cases in which only a single specimen was examined, the specimen was the pretreatment specimen; as a result, no specimens from these patients was examined for the presence of persisters. The proportion of specimens in which persisters were detected did not differ significantly as a function of centre, regimen or duration of treatment.
* 95% confidence interval. t Because only one specimen was obtained from a patient at each interval during the trial, the numbers of patients are identical to the numbers of specimens_ t Not significantly different from the corresponding values reported in the earlier paper, s nor from the corrected values shown here for specimens reported by 31 December 1984_ clinical trials are further considered under two headings: therapeutic effects, and adverse effects_ Th erapeutic effects Detection a/ persisting M. leprae. This analysis includes results fr om the study of 554 specimens, representing 203 patients. No specimens were obtained fr om the remaining 12 patients, once treatment had been initiated, and the results from the study of 10 specimens, which yielded too few organisms to be counted, are excluded.
As shown in Table 2 , persisting M. /eprae were detected in 43 specimens, representing 38 patients. These numbers are not different from those presented in the preliminary report, 5 which considered the 468 specimens, the study of which had been completed Abbreviations: BI, bacteriological index; NB, BI of nose-blows; LIB, logarithmic biopsy index; LAFBPG, logarithmJO of the number of AFB per g biopsy specimen; Pindividua], probability that the differences among the individual regimens occurred by chance; Pcombined, probability that the differences among the combined regimens occurred by chance.
* All the regression coefficients have been calculated on the basis of 365 days, except for those describing the changes of the BI of the nose-blows, which have been calculated on the basis of 90 days. before 1 January 1985. In fact, among the 86 specimens, the study of which was completed after this date, persisting M. leprae were detected in only one-that obtained from patient 2059 after treatment for 12 months. This specimen is balanced by that obtained fr om patient 205 1 after 3 months of treatment, which had been erroneously recorded as having yielded evidence of multiplication of M. leprae. Thus, persisting M. leprae were detected in 7·8% of all specimens; and the frequency with which persisting M. leprae were detected could not be shown to vary with centre, regimen, or duration of treatment.
Bacteriological status. Changes during treatment of the BI of smears of skin scrapings and nose-blows, the logarithmic biopsy index (LIB), and the 10garithmJO of the number of M. leprae per g tissue (LAFBPG) 3 are summarized in Table 3 . For these analyses, analysis of covariance was employed to test for differences among regimens of the mean change of the BI per unit time.
The BI decreased at the average rate of O'571 10g, o units (73%) per year. The data of Table 3 suggest that the BI decreased more slowly among the patients treated by regimen C in both Bamako and Chingleput, than was the case for the other regimens. This suggestion is confirmed by combining the data from both centres for regimen C (the 'minimal' regimen ' ), for regimens A, in Chingleput and A 2 in Bamako (the 'maximal' regimens ' ), and for regimens D , in Chingleput and E 2 in Bamako (the 'intermediate' regimens ' ). As shown in the lower half of the Table 3 , the rate of fall of the BI was significantly slower among the patients treated by regimen C than among those treated by the other regimens. No relationship was found between primary resistance to dapsone 2 and the rate of fa ll of the BI. The LIB decreased with a mean annual rate of 0·894 10gIO units (87%); as was the case for the BI, a relationship between the rate of decrease of the LIB and the 'strength' of the regimen is apparent. Finally, as is also shown in Table 3 , the LAFBPG decreased during treatment, with a mean annual rate of 0·504 10gIO units (69%), and the rate of decrease of the LAFBPG was slower for the patients treated by regimen C than for those treated by the remaining regimens. Thus, the numbers of organisms decreased more slowly during treatment by regimen C than during treatment by the other regimens; this was demonstrated more consistently in Chingleput than in Bamako. The BI of nose-blows was initially higher among Bamako than among Chingleput patients. The median value for 72 Bamako patients was 3, whereas that for 111 Chingleput patients was 2 (p < 0·000 1); in addition, only one Bamako patient failed to exhibit AFB in the pretreatment nose-blow specimen, whereas this was the case for 24 Chingleput patients (p < 0'000 1) (the initial values had not been analysed in the paper 3 describing the pretreatment characteristics of the patients). Perhaps as the result of the initially higher values, the nose-blows of fewer Bamako (17) than Chingleput patients (53) achieved a BI of 0 by the end of three months of treatment (p < 0,001). These initial differences between centres notwithstanding, the BI of nose-blows decreased at a mean rate of 1·10 log, o units (92%) during the first 90 days of treatment, with no significant variation among regimens.
The BI, LIB and LAFBPG were found to be well correlated; all of the three possible correlation coefficients were greater than 0'5, and the slopes of the regression of one variable on another were significantly greater than 0 in every case. The mean regression coefficients of LIB on LAFBPG did not differ significantly among regimens.
Clinical change. Clinical change during the course of the trials is considered in Table 4 , in terms of clinical status, change of the proportion of skin visibly affected, change of the degree of skin-infiltration, and change of the size of the ulnar, median and lateral popliteal nerves. At the time of the formal clinical assessments, after treatment for three, 12 and 24 months, the patient's clinical status was assessed as 'definitely improved' (score = 1), 'slightly improved' (score = 2), 'unchanged' (score = 3), or 'deteriorated' (score = 4) since the last examination. The mean score was calculated for each patient, and the means were calculated for each regimen and centre. No difference of mean clinical status as a fu nction of regimen was demonstrated by analysis of covariance. On the other hand, a significant difference was observed between the two ce. ntres; definite clinical improvement was recorded more frequently in Bamako than i rt Chingleput. Perhaps most important is that deterioration was reported in the case of only two patients, both of whom were treated by the minimal regimen in Bamako.
Also at the time of each fo rmal clinical assessment, the proportion of skin visibly affected had been scored for each patient as >75% (score = 3), between 50 and 75% (score = 2), between 1 and 50% (score = 1), or < 1 % (score = 0); the head, trunk, arms and legs were assessed separately, and scores for each portion of the body were summed. The change of the proportion of skin visibly affected was calculated for each patient by subtracting the latest from the first (pretreatment) value, and the mean values were subjected to analysis of covariance. Analysis of covariance showed that the mean 
Abbreviations: �Skin, change of the proportion of skin involved; �Infiltration, change of the degree of infiltration of the skin; f>Size, change of the sizes of the peripheral nerves; PB , probability that the differences among the Bamako regimens occurred by chance; Pc probability that the differences among the Chingleput regimens occurred by chance; P, probability that the differences between treatment centres occurred by chance.
decrease of the proportion of affected skin varied according to regimen among Chingleput patients, being greater among those patients treated by regimens Cc and D] than among those treated by regimen AJ, as may be noted in Table 4 . The mean decrease of the proportion of affected skin did not vary according to regimen among Bamako patients, and significantly more dramatic decreases of the proportion of affected skin were recorded in Bamako than in Chingleput.
In similar fa shion, on the occasion of the fo rmal clinical assessment, the degree of infiltration of the skin of the head, trunk, arms and legs had been assessed as 'marked' (score = 3), 'mild' (score = 2), 'macular' (score = 1), or 'none' (score = 0). The degree of infiltration was calculated for each patient, as was done for the proportion of skin visibly affected. Analysis of covariance indicated that the mean change of the degree of infiltration did not vary according to regimen. On the other hand, as may be noted in Table 4 , significantly greater decreases of the degree of infiltration were recorded in Bamako than in Chingleput.
Also at the time of the fo rmal clinical assessment, the sizes of both ulnar, median and lateral popliteal nerves were evaluated and recorded. Enlargement to greater than three times normal was given a score of 2, enlargement to a lesser degree a score of 1, and no enlargement a score of O. For each patient, the scores of all six nerves were summed, and the total at the time of the last examination was subtracted fr om that at the time of the first examination, yielding an expression of the change of nerve-size. Analysis of covariance indicated that the mean size of the nerves decreased among the patients treated by all three regimens in Bamako, and among those treated by only one of the three regimens in Chingleput, as shown in Table 4 ; decreases of nerve-size were recorded significantly more frequently among Bamako than among Chingleput patients. No significant variation according to regimen was shown for Bamako, whereas, in Chingleput, decreases of nerve-size was significantly greater among patients treated by regimen D I than among those treated by either of the two remaining regimens.
In addition to the proportion of skin involved, the degree of infiltration of the skin, and enlargement of the peripheral nerves, other assessments were made at the time of the periodic clinical examinations; these included erythema of the skin, nerve-pain and nerve-tenderness, disability of the hands and fe et, and pathological changes of the eye. Because abnormalities had been noted initially in very small proportions of the patients in both treatment centres, improvement in the course of the trials could have occurred in the cases of only a very few of the patients; therefore, these data were not fu rther analysed.
Histopathological change. As shown in Table 4 , a change of histopathological classification in the course of the trials was recorded for 23 (12%) of the 196 patients, for whom more than one specimen had been received in Oxford. Of the 23 changes of histopathological classification, 15 represented upgrading-in most cases a change fr om LL s to BL, whereas 8 represented downgrading-half of them a change from BL to LL s . Analysis by means of the X 2 statistic did not demonstrate a relationship of centre or regimen to these changes.
Adverse effects
ENL . In the course of the trials, the occurrence of ENL was recorded at monthly intervals; on these occasions, ENL was classified as absent (score = 0), mild (score = 1) or severe (score = 2), and the number of weeks during which the patient had demon strated lesions of ENL was noted. In addition, the total quantities of prednisolone and thalidomide administered during the month were recorded. The data relating to ENL are summarized in Table 5 . For the purpose of this analysis, an index of severity of ENL for each patient for the 2-year duration of the trials was constructed fr om three variables: SUMENL, the severity score x the number of weeks; SUMPRED, the total quantity of prednisone administered in the course of two years; and SUMTHAL, the total quantity of thalidomide administered. Analysis of these data suggests that ENL was less severe for the patients treated by regimen AI , and that prednisolone was preferred for treatment of ENL in Chingleput, whereas thalidomide was preferred in Bamako.
Pigmentation. At the time of the monthly clinical examination, patients were observed for evidence of the skin-pigmentation that characteristically occurs in the course of the prolonged administration of clofazimine. At these intervals, pigmentation was noted to be 'present and probably caused by clofazimine' (score = 3), 'present but probably unrelated to clofazimine' (score = 2), or 'absent' (score = 1 ). The numbers of Chingleput patients whose total pigmentation scores lay in the range 0-3, 4-16 or 19-24 are shown in Table 6 (clofazimine was not a component of any of the regimens employed in Bamako). As expected, the majority of patients treated by regimen Al were found to have maximal scores, whereas all of the patients treated by regimen Ce, of which clofazimine was not a component, were observed to have no or minimal pigmentation; most of the patients treated by regimen D 1 demonstrated intermediate scores. Analysis of these data by the X 2 statistic suggests that the likelihood that such a distribution could have resulted fr om chance was small indeed (X 2 = 166df= 4 ; p < 0·000 1). 
Abbreviations: SUMENL, sum over the entire course of the trial of the monthly values of severity score x number of weeks during which ENL was present; SUMPRED, total quantity in mg of prednisolone administered; SUMTHAL, total quantity in mg of thalidomide adminis tered; PB , probability that the differences among Bamako regimens occurred by chance; Pc , probability that the differences among Chingleput regimens occurred by chance; P , probability that the differences between treatment centres occurred by chance.
* Numbers of patients demonstrating ENL of any degree of severity.
Changes of weight and blood-p ressure. At the time of the monthly clinical examination, patients were weighed, and the arterial blood-pressure was measured by sphygmoma nometry. As shown in Table 7 , 31 (27%) of 116 Chingleput patients and 8 (8%) of 96 Bamako patients were found to have sustained weight-loss, defined as a loss of >5 kg fr om the maximal weight recorded on more than one occasion during the trial, at some time during the course of treatment. Analysis by the X2 statistic demonstrated no difference in terms of the frequency of weight-loss among regimens at each centre. Although fewer Bamako than Chingleput patients sustained weight-loss, many more measurements of weight were made in Chingleput (2444; 21·1 per patient) than in Bamako (633; 6·6 per patient); therefore, comparison of the frequency of weight-loss between centres may not be valid. It is also of interest that, according to the measure ments of bodyweight made at the time patients were admitted to the trials, Bamako patients were considerably heavier than Chingleput patients (57·8 vs 44·8 kg; p < 0·000 1) (this difference was not described in the earlier report 3 ). Abbreviations: BP s , systolic blood pressure; BPo , diastolic blood pressure, PB , probability that the differences among the Bamako regimens occurred by chance; Pc , probability that the differences among the Chingleput regimens occurred by chance; P, probability that the differences between treatment centres occurred by chance.
* Weight-loss is defined as a loss of >5 kg fr om the maximal weight recorded on more than one occasion during the trial.
Although no differences were demonstrated among the regimens at each centre, elevations of the blood-pressure, both systolic and diastolic, were recorded more frequently in Bamako than in Chingleput, as is also shown in Table 7 . These differences between centres are consistent with the fact that the initial measurements of blood pressure were higher in Bamako (mean 127/71) than in Chingleput (mean 106/68) (p = 0'0001) (this difference between centres was also not reported in the earlier paper 3 ).
Adverse reactions and incidents. Evidence of adverse reactions was recorded at the time of the monthly clinical examination. In addition, adverse reactions and other incidents were recorded when they occurred. As shown in Table 8 , with the exception of jaundice, few adverse reactions occurred; these were generally not serious, and were not thought to be related to the treatment. The cutaneous reactions, all of which were recorded in Chingleput, were two cases of erythema multi fo rme, one case of pruritus, and two rashes not otherwise described. Similarly, the abdominal reactions consisted, in Chingleput, of one case of nausea, and four of abdominal discomfort; in Bamako, six cases of nausea were recorded. The 'other' reactions, also all recorded in Chingleput, consisted of two cases of peripheral neuropathy, two of arthralgia, and one of fever.
The cases of jaundice, five in Bamako and nine in Chingleput, represent a potentially much more serious reaction; in fact, one of the two deaths recorded among patients treated by regimen A 2 represented the culmination of an episode of jaundice. That fo ur cases of jaundice, one resulting in death, occurred among the first 12 patients admitted to treatment by regimen A 2 in Bamako stimulated the THELEP Steering Committee (SC) to suspect toxic hepatitis, and, until a review of the situation had been completed, to * p, probability that the differences between treatment centres occurred by chance.
suspend fu rther recruitment into that regimen, and to stop the treatment by that regimen of patients who had already been recruited, but who had not completed 24 months' treatment. Although the review led to the conclusion that the jaundice had not resulted fr om toxic hepatitis, the SC decided not to resume admission of new patients to treatment by regimen A 2 ; the rate at which new patients presented for admission into the trial had decreased to such a degree that the SC fe ared that resuming admission to treatment by regimen A 2 would result in an insufficient number of patients having been treated by any regimen. The clinical investigators in Chingleput had concluded that the cases of jaundice did not represent toxic hepatitis. On the other hand, that jaundice occurred among nine of the 51 patients who had been treated by the maximal regimen in each centre and among only five of the 161 patients who had been treated by a11 of the other regimens suggests that those treated by the maximal regimens were at a significantly greater risk of jaundice (p = 0 '00 11). That jaundice occurred primarily among patients treated by the maximal regimens accounts for the significant difference among regimens of the frequency with which adverse reactions were noted.
Because patients suffering from adverse reactions to the prescribed treatment may withdraw fr om treatment prematurely, incidents-especia11y deaths, removal of patients fr om the trials, and voluntary withdrawal of the patients from the trials-are considered together with adverse reactions. That six of the 12 patients treated by regimen A 2 were removed from the trial in Bamako, reflecting the decision of the SC, and that two of the three deaths among Bamako patients occurred among patients treated by this regimen account for the differences of frequency of incidents among regimens. The frequency of incidents was not found to differ between centres, except for that of voluntary withdrawal.
Haematologic changes. Specimens of blood for haematologic examination were obtained by venipuncture at intervals in the course of the trials in Bamako and 
Abbreviations: HCT, hematocrit; WBC, number of white blood cells per mm 3 peripheral blood; PMN polymorphonuclear leucocytes as per cent of WBC; PLAT, number of platelets per mm 3 peripheral blood; Po , probability that the differences among Bamako regimens occurred by chance; Pc , probability that the differences among Chingleput regimens occurred by chance; p, probability that the differences between treatment centres occurred by chance. * High or low, with respect to the following criteria for each centre: HCT, Bamako and Chingleput: >50% and <30%; WBC, Bamako: 212,000 and <4000; Chingleput: 216,000 and <5000; PMN, Bamako: 270% and <20%; Chingleput: 290% and <40%; PLAT, Bamako: >400,000 and <200,000; Chingleput: >500,000 and <100,000.
t NA, not analysed, because the cases of elevated HCT were too few.
Chingleput, and determinations of haematocrit (RCT), numbers of white blood cells (WBC) and blood platelets (PLAT) per mm 3 of blood, and per cent of polymorphonuclear leukocytes (PMN) were performed at each centre. Because of the different frequencies with which these determinations were made in the two centres-approximately 20 per patient in Chingleput, and seven per patient in Bamako, these data have been analysed in terms of the numbers of both patients and observations, as summarized in Table 9 . (The numbers of observations recorded per patient did not appear to be greater among those patients demonstrating abnormal values.) Three patients in each centre were each found on one occasion to have RCT > 50%; except in one case, in which the RCT was 55%, the values were 51 or 52%.
A large number of patients in both centres were found to have RCT < 30%, many of these on more than one occasion. The frequency of low values of the RCT was significantly greater in Chingleput than in Bamako; however, the frequency did not vary among regimens. On the other hand, considering numbers of observations, the frequency of RCT < 30% did not differ between centres; in fact, although almost twice as many Chingleput as Bamako patients demonstrated RCT < 30%, the proportion of observations demonstrating RCT < 30% was virtually identical in both centres. The frequency of RCT < 30% varied significantly among Chingleput regimens, but not among Bamako regimens, being greatest among the patients treated by regimen D I , and least among those treated by regimen AI '
Considering both numbers of patients and numbers of observations, the frequency of elevated WBC was greater among Chingleput than among Bamako patients, despite the apparently more stringent criterion employed in Chingleput (see fo otnote to Table 9 ), a difference not accounted for by different numbers of observations. In addition, the frequency of elevated WBC was smaller among patients treated in Chingleput by regimen Al than among those treated by the remaining two regimens. Low values of the WBC were equally infrequent among Bamako and Chingleput patients, but, considering the numbers of observations, significantly more frequent among Chingleput patients treated by regimen Al than among those treated by regimens Cc and D 1 • Considering numbers of both patients and observations, elevated values of PMN were more frequent among Bamako than among Chingleput patients. In fact, consider ing numbers of observations, the frequency of elevated values of PMN among Bamako patients was ten-fold that in Chingleput. The greater frequency of elevated values of PMN in Bamako appears to have resulted from the different criteria employed in the two centres (see fo otnote to Table 9 ); in fact, applying the less rigorous criterion (PMN 2: 70%) to the measurements in both centres yields a greater frequency of elevated PMN in Chingleput (16% of observations) than in Bamako (3% of observa tions). Considering numbers of patients, the frequency of low values of PMN did not differ significantly between the two centres; on the other hand, considering numbers of observations, low values of PMN were significantly more frequent among Bamako (5% of observations) than among Chingleput (3% of observations) patients, this despite the difference of criteria.
Elevated values of PLAT were not reported in Bamako, and were infrequent in Chingleput. Considering numbers of observations, elevated values of PLAT were less frequent among Chingleput patients treated by regimen Al than among those treated by the other two regimens. Although low values of PLAT appear to have been more frequent among Bamako than among Chingleput patients, this appears to have resulted fr om the employment in Chingleput of a more rigorous criterion (see fo otnote to Table 9 ). In fact, fu lly 10% of the values of PLAT among Chingleput patients were lower than 1·5 x 10 5 per ml, whereas fewer than 2% of values among Bamako patients were lower than this level. The frequency oflow values of PLAT was not found to vary among regimens.
Changes of hepatic fu nction. Specimens of blood for tests of hepatic function were also obtained at intervals during the clinical trials in Bamako and Chingleput, and measurements of serum bilirubin (SB), serum glutamic pyruvic transaminase activity (SGPT), and serum alkaline phosphatase activity (SAP) were performed. The results of these studies are summarized in Table 10 . Elevations of SB were significantly more Abbreviations: SB, serum bilirubin; SGPT, serum glutamic-pyruvic transami nase activity; SAP, serum alkaline phosphatase activity; PB , probability that the differences among the Bamako regimens occurred by chance; Pc, probability that the differences among the Chingleput regimens occurred by chance; P, probability that the differences between treatment centres occurred by chance_ * Elevated with respect to the following criteria for each centre; SB, Bamako: ;::: 1 -5 mg%; Chingleput: > 1 mg%; SGPT, Bamako and Chingleput: >65 Karmen units; SAP, Bamako: >30 KA units; Chingleput: >20 KA units_ frequent among Bamako than among Chingleput patients; this is almost entirely the result of the greater frequency of elevations of SB among Bamako patients treated by regimen A 2 (p = 0-0003). Among Chingleput patients, elevations of SB were signifi cantly less frequent among patients treated by regimen AI '
Elevations of SGPT were significantly less frequent among Bamako than among Chingleput patients in terms of numbers of patients, but not in terms of numbers of observations. Considering numbers of observations, elevations of SGPT were signifi cantly more frequent among Chingleput patients treated by regimen C, but significantly less frequent among Bamako patients treated by this regimen. A larger proportion of Chingleput than of Bamako patients demonstrated elevated values of the SAP, probably reflecting the larger number of determinations performed in Chingleput. Abbreviations: BUN, blood urea nitrogen in mg%; Po , probability that the differences among the Bamako regimens occurred by chance; Pc , probability that the differences among the Chingleput regimens occurred by chance; p, probability that the differences between the centres occurred by chance_ * Elevated with respect to the following criteria for each centre: SB, Bamako: ;::: 40 mg%; Chingleput: >20 mg%_
Changes of urinary tract fu nction_ The results of the measurements of blood urea nitrogen (BUN) and of the urinalyses are summarized in Table 11_ As shown in Table 11 , no differences among regimens were recognized_ On the other hand, differences between the two treatment centres were evident. Although proportionately more measurements of the BUN were performed at Chingleput than at Bamako, and although the proportions of patients at each centre in whom elevations of the BUN were noted are similar, elevations of the BUN were recognized approximately twice as frequently at Bamako than at Chingleput. The situation with respect to abnormal urinalyses is the opposite_ Approximately twice as many Chingleput patients as Bamako patients were noted to demonstrate abnormal urinalyses_ However, this finding may be attributed to the greater number of urinalyses performed in Chingleput; approximately 10% of the urinalyses performed in Chingleput and 12% of those performed in Bamako were abnormal. * The statistical significance of these differences was examined by means of the X 2 test.
t The statistical significance of these differences was examined by means of a 't' test.
Correlations among BP, weight-loss, voluntary withdrawal, and changes of haemato logic status, hepatic fu nction and urinary tract fu nction with ENL . In the attempt to distinguish abnormalities resulting from adverse reactions to drugs fr om those resulting from other causes-especially ENL, relationships between ENL on the one hand and weight-loss, voluntary withdrawal, changes ofhaematologic status, and abnormalities of fu nction of liver and urinary tract on the other, were sought. The results of this search are summarized in Table 12 .
Weight-loss, defined as a loss of >5 kg from the maximal weight recorded on more than one occasion during the trial, occurred with a significantly greater frequency among those patients demonstrating ENL of any degree of severity than among those without ENL. In addition, the ENL was found to be significantly more severe (the severity score was taken as the product of the severity recorded on each occasion and the number of weeks during which ENL was recorded) among those patients demonstrating weight loss than among those who did not. In addition, as is also shown in Table 12 , ENL was found to be related to reduction of the HCT and to elevations of the WBC, SGPT and SAP. Severity of the ENL but not its mere presence was found to be related to an abnormal urinalysis.
On the other hand, although one might expect that those patients suffering from more severe ENL might be more likely to withdraw from the trial, no such relationship was fo und. Similarly, no relationship was demonstrated between elevation of the BP or an elevated SB and ENL.
Discussion
The primary objective of the analyses reported in this paper is the search for differences of therapeutic and adverse effects that might be attributed to the regimens employed in the trials. The therapeutic effects studied included the frequency with which persisting M. /eprae were detected, change of the various measures (BI, LIB and LAFBPG) of the numbers of AFB harboured by the patients, and change of the patients' leprosy in terms of both clinical changes (clinical status, b.Skin, b.Infilt and b.Size) and histopathological changes.
Among 554 specimens, representing 203 patients, persisting M. leprae were detected in only 43 specimens (7·8% of all specimens), representing 38 patients. As was reported earlier, s the demonstration of persisting organisms appeared to be a random phenom enon, unrelated to regimen, centre or duration of treatment. It appears likely that, had a more sensitive means of detection been employed, such as, for example, the neonatally thymectomized rat, 14 persisting organisms would have been demonstrated in a larger proportion of patients than was actually the case. The BI was found to decrease at the average rate of O·571 10glO units (73%) per year, a rate slower than one of 90% per year, which is often assumed, but much like that reported earlier by Ridley. l s The LIB decreased with a mean annual rate of O·894 10glO units (87%), and the LAFBPG with a mean annual rate of O·504 10glO units (69%). The BI of nose-blows decreased by a mean of 1·10 logl o units (92 %) during the first 90 days of treatment. As expected, the BI LIB and LAFBPG were found to be well correlated. The numbers of AFB were found to decrease more slowly among the patients treated in both centres by regimen C. Clinical deterioration was reported in the case of only two patients, both of them treated in Bamako. The decrease of the proportion of skin involved was found to vary only in Chingleput; here, the decrease was least among the patients treated by the maximal regimen, regimen AI . The decrease of mean nerve size also was found to vary only in Chingleput; the decrease was greater among the patients treated by regimen D I than among those treated by either regimen A l or regimen Ce.
Change of histopathological classification in the course of the trials was recorded for 23 (12%) of 196 patients, with no relationship to regimen or treatment centre. None of the remaining variables studied was found to differ among regimens. Thus, except for the slower rate of decrease of the number of AFB among the patients treated by regimen C, no difference of therapeutic effect among the regimens was demonstrated. Given that the proportion of viable organisms did not differ among regimens, the significance of the difference among regimens of the total number of organisms, both viable and dead, is not clear.
Analysis of the measures of therapeutic effects by treatment centre reveals a few apparent differences. Bamako patients differed from those in Chingleput in several respects. Although the rate of fall of the BI of nose-blows during treatment did not differ between centres, the values observed before the start of treatment were larger in Bamako than in Chingleput, consistent with the larger pretreatment values of the BI measured from six skin sites in the former centre. 3 Bamako patients weighed more on admission to the trial than did Chingleput patients, and elevated pretreatment values of the BP were recorded more frequently in Bamako. In addition to these differences among the patients of the two centres, differences of practice between the centres are apparent. Clinical improvement was recorded more frequently in Bamako than in Chingleput, and the decreases of b.Skin, b.Infilt and b.Size were greater in Bamako.
Adverse effects were analysed in terms of ENL, pigmentation, changes of weight and BP, adverse reactions-especially jaundice-and incidents, haematologic changes (RCT, WBC, PMN and PLAT), changes of hepatic function (SB, SGPT and SAP), and changes of urinary tract fu nction (BUN and urinalysis). In addition, correlations with ENL were sought among BP, weight-loss, voluntary withdrawal, and changes of haematologic status, hepatic function and urinary tract function. In addition, other clinical assessments were made, including erythema of the skin, nerve-pain and nerve tenderness, disability of the hands and fe et, and pathological changes of the eye. Because abnormalities had been noted initially in very small proportions of the patients in both treatment centres, improvement in the course of the trials could have occurred in the cases of only a very few of the patients; therefore, these data were not fu rther analysed.
A number of apparent differences among regimens were encountered. As might have been expected, ENL was less severe among those patients treated by regimen Al than among all of the remaining patients. Similarly, the degree of pigmentation was propor tional to the dosage of clofazimine, being greatest among the patients treated by regimen AI > and least among those treated by regimen Ce . Although the proportions of patients demonstrating low values of the RCT did not differ among regimens, analysis by number of observations shows a greater frequency among those patients treated by regimen D I than among all of the remaining patients. Compared to the patients treated by all of the remaining regimens, both high and low values of the WBC were observed more frequently among the patients treated by regimen AI , whereas elevations of PLAT and of SB were less frequent among these patients. Finally, elevations of SGPT were found more frequently among the patients treated by regimen C in Chingleput than among the corresponding patients in Bamako. The explanations of these differences are not immediately evident. That some of these differences may represent effects of ENL rather than of the regimen is considered below.
Analysis of adverse effects by treatment centre demonstrates that prednisolone was preferred for treatment of ENL in Chingleput, whereas thalidomide was preferred in Bamako. Because none of the regimens employed in Bamako included clofazimine, pigmentation by the drug was observed only in Chingleput. Several differences between the two centres appeared because observations were performed much more frequently in Chingleput than in Bamako; this was the case for weight-loss, abnormal values of the SGPT and SAP, and abnormal urinalyses. Finally, certain differences appear to reflect differences of criteria between the centres; such was the case for elevated values of PMN and low values of PLAT.
Perhaps not unexpectedly, certain of the adverse effects were associated with ENL, and may even be considered components of the ENL syndrome. Thus, ENL was found to be associated with weight-loss, reduced RCT, elevated WBC, elevations of the SGPT and SAP, and abnormal urinalyses. On the other hand, elevations of the BP and of the SB were not so associated, nor was there evidence that patients with ENL were more likely than those without to withdraw voluntarily from the trials.
Potentially the most important of the adverse effects is jaundice. Although the responsible clinicians, an expert consultant, and the members of the TRELEP SC all came to the conclusion that jaundice among the trial patients did not represent an adverse reaction to a drug or drug-combination, it is perhaps of great importance that nine of the 14 cases occurred among patients treated by the maximal regimens in both treatment centres. Presumably, all 212 patients treated in both centres were more-or-Iess equally at risk of viral hepatitis and jaundice of other causes unrelated to the treatment prescribed. One wonders if the preference for daily rifampicin, as opposed to monthly administration of the drug, that has been so frequently expressed in discussions of multidrug regimens to be used in leprosy control, and currently the standard in the USl6 should not be reconsidered.
